Background/Objectives: Thyroid cancer is the most common endocrine malignancy and accounts for 1% of cancers.
Introduction
Thyroid cancer is the most common endocrine malignancy and accounts for about 1% of cancers [1, 2] . According to research findings, the degree of malignancy of this cancer in women is 3 times more than that in men, which is probably due to the development and proliferation of estrogen receptors in the cancerogenesis process. The incidence rate of this disease reaches its maximum in the third and fourth decades of life [3] . The high heterogeneous nature of thyroid tumors in terms of characteristics, including pathological-clinical and morphological, along with the lack of specific markers, makes it difficult to differentiate the diverse nature of tumor glands from nontumor ones. Therefore, many efforts have recently DOI: 10.1159/000468520 been made to introduce a suitable marker that can predict the diverse nature of thyroid glands and as a diagnostic and prognostic factor alongside other pathological-clinical methods. Approaches to detect thyroid cancer glands include blood tests, imaging tests such as thyroid scan, ultrasound, and fine-needle aspiration biopsy (FNA) [4] . In most cases, imaging tests are not able to differentiate thyroid glands. Also, it should be noted that FNA, which is the best way to diagnose thyroid glands, is not able to differentiate adenomatous follicular tumor glands from carcinomatous follicular glands, and the results of this method are considered suspicious [4, 5] . It is difficult to accurately diagnose thyroid cancer from other benign thyroid conditions such as follicular adenomas, cysts, and goiter. A total of 75% of patients who undergo hemithyroidectomy for the benign disease do not need to do so. In addition, the measurement of thyroglobulin as a noninvasive method cannot be applied to measure long-term surveillance for 25% of patients due to the presence of thyroglobulin antibody. In FNA-aspirated cells, about 30% of thyroid gland biopsies remain undecided or undiagnosed [6] . Tumors of molecular markers such as miR-NA are generated by cancer cells or other cells in response to the cancer and are responsible for cells survival processes. At present, an increase or decrease in such tumors can be used in various fields such as screening, diagnosis, and prognosis. These molecular markers are produced in the blood, urine, or body tissues and can be identified using molecular laboratory tests [7] . miRNAs miRNAs are a group of small noncoding RNAs with a length of 21-23 nucleotides that interact exclusively with their proprietary mRNA, thereby destroying mRNA and inhibiting translation. miRNA genes account for approximately 1% of the genome in different species and have hundreds of target genes in each of them. Over 2,500 miRNAs have been identified in human genomes that regulate 30% of genes encoding proteins. These small regulatory molecules were first identified in 1993. Most of them are located in chromosome fragile sites and are prone to chromosomal removal, movement, and epigenetic changes in various diseases, including cancer. miRNAs target multiple genes at the same time so that the target genes can sometimes reach more than 100 [8, 9] . The relationship between miRNA dysregulation and cancer was identified in 2002 [10] .
miRNA Biogenesis miRNA is transcribed in the nucleus of the gene and produces pri-miRNA. Then, it produces a precursor called pre-miRNA by nuclear RNase III Drosha (endonuclease). The pre-miRNA is transported to the cytoplasm by the Exportin 5 protein. This molecule is broken in the cytoplasm by another enzyme called Dicer and produces a 21-23 double-stranded nucleotide sequence. One of the strands is decomposed and the other is placed in the silencing complex (RNA-RISC). This active complex targets the mRNA in question and binds to the end of mRNA 3′-UTR and exerts its inhibitory effect (Fig. 1) . miRNA exerts its effect in regulating gene expression through the inhibition of protein translation or decomposition of mRNA [11] [12] [13] .
miRNA and Cancer
Small ribonucleic acids (miRNAs) and their expression pattern in cancer provide a new and broad argument in oncology. Recent studies show that miRNAs are impaired in cancer and play an essential role in the development and progression of cancer [14] [15] [16] [17] [18] . Therefore, the search for such molecules as a target for the diagnosis, treatment, or prognosis of cancer can offer a promising approach [19, 20] . It is believed that the identification of these miRNAs can be used as cancer prognosis and treatment strategies; for example, the MRX34 drug is an miR-NA mimic that is under investigation in phase I clinical trials and is used in the treatment of cancer [21] . Many miRNAs that have been identified to date play a role in cancer treatment. Comparing tumor tissues with normal tissues suggests that miRNAs are placed in the fragile sites of the human genome and may be increased or removed during chromosomal rearrangement. In addition, epigenetic mechanisms may lead to inappropriate expression of miRNA genes and consequently abnormal miR-NA expression in tumor tissues that can result in enormous changes in regulating the expression of target mRNA. Some miRNAs have an oncogenic role in the cancer phenotype, and often the defective regulation of these miRNAs can be seen in a wide range of cancers [22] . Oncogenic miRNAs include miRNA-155 and miRNA-21 [23] , and members of Let-7 and miRNA-34 families are examples of suppressive miRNAs. Different miRNAs affect different phases of cancer; for example, miRNA-10b regulates metastasis and displays high expression levels in advanced malignancies. The inhibition of miRNA-10b
Eur Thyroid J 2017;6:171-177 DOI: 10.1159/000468520 can prevent a new cancer metastasis. The expression of miRNA-335 can inhibit metastasis but cannot block tumor cell proliferation and has no effect on the cell apoptosis rate. However, there may be a number of miRNAs that can inhibit the proliferation of tumor cells and metastasis [24] . Changes in miRNA expression levels, including increased and decreased expression, have been reported in various human cancers [25, 26] .
miRNAs and Thyroid Cancer
There is much interest in the feasibility of miRNAs or miRNA panels as biomarkers for the diagnosis of thyroid cancer in recent years. Recent studies have shown impaired miRNA expression in thyroid cancer and its essential role in the development and progression of the disease. In previous studies, miRNA in FNA samples were studied, and finally a number of miRNAs were considered effective in the pathogenesis of thyroid cancer; however, these studies reported inconsistent results [4] . miRNA expression measurement has the potential to be used as an alternative for thyroglobulin measurement in thyroid cancer. Circulating miRNAs (plasma and serum) are released by infected cells, which escape from being destroyed. Currently, there are ongoing research studies on miRNAs as biomarkers for diagnosis, potential cancer recurrence, evaluation of survival, and cancer grading, as well as markers to monitor the pathological progress.
miRNA-221-222
The expression level of miRNA-221-222 is constantly increased in thyroid cancer tissue compared with normal tissue; this increased expression is associated with increased risk of cancer metastases outside the thyroid, lymph node metastasis, distant tissues metastasis, and tumor recurrence [27] . Preliminary studies suggest that serum levels of these miRNAs in thyroid cancer patients are higher than those in healthy controls. The simultaneous use of 221-222 miRNA expression level measurement and cytological evaluation can enhance the sensitivity and specificity of the FNA test. Homologous 221 and 222 miRNAs are very similar to each other and are located as a cluster on chromosome X. They increase proliferation, telomere activity, angiogenesis, and autophagy and are involved in apoptosis and cell cycle regulation. Targeting this subset of miRNAs can be useful in thyroid papillary carcinoma diagnosis and treatment management [28] .
miRNA-375
Two separate studies examined the expression status of miRNA-375 in FNA samples and showed that increased expression of miRNA-375 inhibits papillary cancer cell proliferation and induces apoptosis in cell lines. Studies on animal models and cell lines showed that an increased level of this miRNA decreased migration and the invasion of cancer cells. The ERBB2 molecule is activated when Ras-MAPK and PI3K-AKT pathways are activated, and increased expression of this molecule enhances cell proliferation and reduces apoptosis. ERBB2 is targeted by miRNA-375, and when it is decomposed by this miRNA the proliferation is inhibited; therefore, this miRNA may play a tumor-suppressing role in thyroid cancer in which its expression is decreased [29, 30] .
miRNA-155
Increased expression of miRNA-155 in thyroid cancer cell lines and in vitro animal models increases tumor growth. The results suggest that these miRNAs have an oncogenic role. miRNAs target APC, whose reduced expression leads to an increase in cell growth. This miRNA activates the β-catenin pathway, which in turn activates downstream pathways such as C-MYC and TCF. It seems that this miRNA has the potential to be used in the diagnosis of thyroid cancer. This requires further study [31] .
miRNA-146b
Studies on the activity and performance of miRNA146b in cell lines (TPC1 and BCPAP) of papillary thyroid cancer show that when this miRNA is inhibited, migration and invasion are significantly reduced in cell lines; when its expression is increased, migration and invasion are increased as well. The expression level of this miRNA was increased and reduced by mimicking it and antimiRNA [32] . SMAD4 is a key protein in the signaling pathway that targets and decomposes TGF-β (an inhibitor of cell migration) [33] . A cell cycle regulatory protein named P27 (kip1) inhibits cell cycle progression in the G1 phase through interaction with cyclins; there is a negative regulatory effect between this protein and the expression levels of miRNA-146b [34] . In tumors that have BRAFT1799A mutation, increased expression of this miRNA leads to a frequent incidence of invasion to surrounding tissues in thyroid cancer. There is a positive correlation between overexpression of this miRNA and invasive thyroid cancer. This miRNA is a positive regulator of cell migration and invasion in thyroid cancer [35, 36] . Currently, common prognostic factors for tumor aggressiveness include tumor size, lymph node metastasis, thyroid-out invasion, and, more recently identified, BRAFT1799A mutation. Measuring the expression of miRNA-146b can be a good alternative to these invasion measurement methods in thyroid cancer.
miRNA-34a
Increased expression of miRNA-34a in thyroid cancer cells leads to increased activity of the PI3K/AKT/Bad pathway. In fact, it has an antiapoptotic effect, and its target gene is GAS1 protein that plays the role of a tumorsuppressing gene. This oncogenic miRNA increases cell proliferation and inhibits apoptosis in thyroid cancer [37] . Computer bioinformatics in the Cancer Genome Atlas Database has shown that miRNA-34a is overexpressed in papillary thyroid cancer [38] .
miRNA-Let-7
The results on the role of Let-7 show that it reduces Ras level and serves as a tumor suppressor. Transfecting Let-7 in the TPC-1 cell line that has an RET mutation leads to inhibition of the MAPK pathway, prevents cell proliferation, and increases P21. This is the first report that shows the presence of this miRNA in thyroid cancer. Since Let-7 is a tumor-suppressing miRNA, its expression is likely to decrease in this cancer [39] . The Rs712 sequence is located on the KRAS gene 3′-UTR mutant, which is targeted by Let-7. It has been confirmed that polymorphisms in this region is associated with the risk of developing thyroid cancer [40, 41] . Rs10877887 polymorphism, which is located in the promoter region of Let-7, may be at risk of developing thyroid cancer, and rs13293512
Eur Thyroid J 2017;6:171-177 DOI: 10.1159/000468520 polymorphism, which is located in the promoter region of Let-7, may be linked with lymph node metastasis in thyroid cancer [41] . In a study, Let-7 expression was measured in the serum of 106 patients with thyroid cancer and was compared with that of 95 patients with benign glands and 45 patients without thyroid problems. It was concluded that the expression of Let-7 serum levels in thyroid cancer was significantly different compared with that in benign glands without thyroid problems [42] .
miRNA-181b
The results on the role of miRNA-181b in FNA samples show that reducing its expression leads to inhibition of cell proliferation and an increase in apoptosis in thyroid cancer cells. Its target gene is CYLD, and decreased expression of this miRNA is applicable in the diagnosis and treatment of thyroid cancer [43] .
Discussion
By the late 1970s, several blood tests were identified and discovered for different types of cancer antigens. Since then, other markers have also been identified that were not investigated further due to lack of advantages over the current markers. However, none of these markers secured the main searching goal of the marker, which is to diagnose the cancer in the early stages. Most of the patients had small amounts of these markers in their blood, which makes it difficult to diagnose the cancer in the early stages. The level of these markers exceeds the normal level at late stages of cancer. However, these markers do not increase in all patients with cancer. Considering the reasons mentioned above, the main objective, which was to detect cancer in early phases, has not yet been realized. Current techniques for the diagnosis of thyroid cancer often involve tissue biopsy and FNA. The ideal biomarker is easily accessible, and sampling must be conducted to access such a biomarker conveniently. Since FNA and biopsy techniques are inconvenient for the patient, some studies have been done on biomarkers in body fluids. The purpose of research on molecular tumor markers such as miRNA is to diagnose different cancers using a blood test. This simple blood test not only diagnoses the cancer in early phases, but also prevents many deaths each year. Altogether, according to previous studies, it can be argued that miRNAs can be used to identify people at risk of progression of the tumor. Furthermore, it is very practical to use them for the early diagnosis of cancer, because they can be measured in samples in which a small percentage of tissue is damaged as well as in samples that are in the early phases of the disease. Therefore, miRNAs are considered suitable tumor markers. Prognostic miRNAs can be measured both in serum level and tumor tissue. In addition, tumor mass or hidden metastases can be diagnosed by examining the expression levels of serum markers. In this regard, the most widely used tissue markers are molecules capable of showing tumor development through increasing cell proliferation or tissue metastasis. One of the ultimate goals of miRNA in thyroid cancer is to develop an expression pattern through which the patient's condition, response to therapy, and risk of metastases can be achieved using circulating miRNAs. Will miRNAs, as diagnostic markers, replace all current methods? More clinical studies are needed. Recent studies show that impaired miRNA regulation is an important step in the development of most cancers. Considering that most common methods for the screening of thyroid cancer are not able to diagnose the disease in the early stages, identifying tumor miRNAs that are released in the bloodstream during the gradual progress of the disease is a key method of diagnosing cancer early.
Conclusion
Studies have shown that miRNAs are impaired in cancer and play an essential role in the development and progression of cancer. Therefore, searching for miRNA as a target for the prognosis or diagnosis of thyroid cancer can provide a promising approach. Given that most common methods of screening thyroid cancer are not able to diagnose the disease in the early stages, identifying tumor miRNAs that are released in the bloodstream during the gradual progression of the disease is a key method in the early diagnosis of cancer. As a result, miRNAs can be used as molecular markers in the diagnosis and prognosis of thyroid cancer in serum samples and as diagnostic and prognostic biomarkers in combination with other diagnostic-clinical methods by measuring serum levels in the near future. By determining and comparing the serum levels of miRNAs (miRNA-375, 34a, 145b, 221, 222, 155, Let-7, 181b) in the serum samples of patients with thyroid glands, the diverse nature of thyroid glands can be predicted (Table 1) . These miRNAs can also be used as biomarkers to examine cancer recurrence, survival rate, and cancer grading, as well as invasion in thyroid cancer.
